Pure electronic Raman spectra with no phonon structures superimposed on the low energy electronic continuum, are reported for the first time, in optimally doped HgBa 2 CaCu 2 O 6+δ single crystals (T c = 126 K). Our low temperature spectra (15 K) for the A 1g , B 1g and B 2g symmetries exhibit striking differences with previous data in Bi 2 Sr 2 CaCu 2 O 8+δ . The shape of the spectra for the various symmetries cannot be fitted by Devereaux's d x 2 −y 2 calculations, but strongly suggests a d xy gap, with its minima along the [100] 
Since the last few years, identifying the symmetry of the pairing state has been considered as the major step towards an understanding of high T c superconductivity. However the controversy between s-wave or d-wave pairing is not yet resolved: some experiments appear to advocate strongly in favor of a d x2−y2 symmetry [1] , whereas others seem to show a significant s-wave contribution [2] . With respect to this problem, inelastic light scattering has been shown very early to be a powerful tool because besides probing the bulk (in contrast with photoemission and tunneling), the selection rules on the polarization of incoming and outgoing light make the spectra extremely sensitive to the k dependence of the electronic excitations [3] [4] [5] [6] . Usually theoretical approaches of electronic Raman scattering ignore other excitations such as phonons. However a major experimental difficulty lies in the fact that in Y Ba 2 Cu 3 O 7−δ and Bi 2 Sr 2 CaCu 2 O 8+δ , the phonons mask the electronic excitations, which makes it difficult to define accurately the shape of the electronic spectrum related to the superconducting gap excitations [6] [7] [8] .
In this letter, we report for the first time pure -no phonon structures superimposed up to the gap structure -electronic Raman spectra in single crystals from the highest T c cuprate family, namely HgBa 2 CaCu 2 O 6+δ (Hg-1212). The crystallographic structure is purely tetragonal ( 1 D 4h ) [9] , which allows an unambiguous comparison with theoretical calculations. As in HgBa 2 Ca 2 Cu 3 O 8+δ (Hg − 1223), no Raman active mode is detected for electric fields within the planes in the energy range of interest [10] . The Hg-1212 compound is therefore particulary well suited for the study of the superconducting excitations. We obtain directly the electronic spectra for the various A 1g , B 1g and B 2g symmetries. The temperature variation in the A 1g symmetry has been studied : we observe a disappearance of the gap-like structure without noticeable shift of its energy as the temperature is raised. Our
Hg-1212 low temperature data contrast sharply with the BSCCO ones, both qualitatively and quantitatively and cannot be fitted by the d-wave theoretical calculations of Devereaux.
Our data actually show that the gap is maximum along the The measurements were performed with a standard Raman set-up using a single channel detection and the Ar + laser 514.52 nm line [12] . The spectral resolution was set at 3 cm −1 .
The single crystals were mounted in vacuum (10 to rotate both the polarizer and the analyzer, so as to make sure that we probed always the same spot from the sample. We have estimated, for this geometry, a 5% admixture of A 1g symmetry and 16% of E g (xz) in the B 2g channel.
We focus first on the low temperature limit. The raw Raman spectra at T=15 K of the Hg-1212 single crystals for the A 1g , B 1g and B 2g symmetries are displayed in Fig. 1 . As can be clearly seen, in contrast with YBCO and BSCCO, no Raman active mode is observed in A 1g and B 1g symmetries, giving rise to a perfectly pure electronic Raman scattering from the planes. Small peaks at 576 and 640 cm −1 appear in the B 2g symmetry, but their energy location is such that no correction is actually needed to discuss the electronic spectra [13] .
The residual diffuse elastic scattering due to the imperfections of the sample surface is seen below 50 cm −1 . We observe in the three configurations a gradual increase with frequency of the scattered intensity, and a well marked maximum around 530 cm −1 for both the A 1g and B 2g symmetries (implying 2∆ ≈ 6k B T c if we assume that this peak corresponds to twice the gap). One striking feature is that no clear maximum appears in the B 1g symmetry.
In contrast with previous data [8] the intensity ratios I(50cm −1 )/I(1000cm −1 ) from these raw spectra are nearly the same for the A 1g , B 1g and B 2g symmetries: 37%, 36% and 38%
respectively. Moreover the intrinsic scattered intensities in A 1g , B 1g and B 2g symmetries drop close to a zero count rate at zero frequency, after subtracting the dark current of the photomultiplier and the residual Rayleigh scattering. it appears very clearly in BSCCO [8, 14] . Moreover the B 2g and A 1g peaks are located at the same frequency in Hg-1212, which is not the case for BSCCO [15] . Finally, in BSCCO, a trend towards finite intensity at zero frequency was claimed to be observed in A 1g symmetry [8] whereas our A 1g spectrum extrapolates to zero at zero frequency within our experimental accuracy. We note that in BSCCO, the presence of numerous phonon structures at low frequency especially in x'x' polarizations (xx in the notation of ref. [8] ), makes it difficult to estimate precisely the residual scattering intensity close to zero frequency. In this respect, we believe that our data are more reliable.
The temperature dependence of the electronic gap structure is shown in Fig. 3 for the A 1g symmetry as a function of temperature, from 15 K up to 150 K. All spectra have been corrected for the Bose-Einstein thermal factor in order to obtain the imaginary part of the response function and have been normalized to the one in the normal state (150 K). Although the signal-to-noise ratio of these data is not as good as in the 15 K data shown in Fig. 1 , it is fairly clear that the response function, as the temperature raises, gradually tends towards that of the normal state, with no observable shift of the maximum.
We now turn to the comparison of our data with existing theories. In the limit where the superconducting coherence length is much smaller than the optical penetration depth, the imaginary part of the response function for T → 0 is given by [3] :
N(0) is the density of states for one spin orientation at the Fermi level, and the brackets indicate an average over the Fermi surface. ∆ k stands for the superconducting, k -dependent gap. γ k is the Raman vertex.
Obviously, our results cannot be accounted for with an isotropic gap combined to a spherical Fermi surface. Using Eq.1, several ∆ k and γ k distributions have been proposed to reproduce the superconducting gap-excitations. For instance, to simulate a gap anisotropy, if we take a Gaussian distribution of ∆ k 's as used for Nb 3 Sn and V 3 Si [4] or YBCO [7] , we obtain for the A 1g channel a "best fit" shown in Fig.2 . In order to mimic the asymptotic recovery of the normal state behavior, we have added a ω 1/2 function to the bracketed expression at energies greater than the ∆ k values. However, this numerical fit does not yield any information on the gap symmetry.
We have thus attempted to fit the A 1g , B 1g and B 2g response functions to the calculations by T.P. Devereaux for a d x 2 −y 2 gap [16] . The result is shown in Fig.4 . It is immediately seen that this adjustement is not satisfactory. Although in these calculations [16] , the maxima in A 1g and B 2g symmetries almost coincide, the low frequency behavior is not consistent with our experimental results. For completeness, the low frequency regime (below 200 cm −1 ) has been fitted with a power law, yielding the folllowing exponents: 1.7 ± 0.7 for A 1g , 1.4 ± 0.4
for B 1g and 2.2 ± 0.8 for B 2g .
At this point, we have to come back to the experimental data. A visual inspection tells immediately that the gap is strongly anisotropic. We examine first the B 2g and B 1g modes.
Generally speaking, since the γ B1g Raman vertex is zero by symmetry for k x = k y , the electronic scattering is insensitive to the gap structure around 45 o , as opposed to the k x ≈ 0 or k y ≈ 0 regions, which give rise to a clear gap structure in B 1g for the d x2−y2 case.
Conversely, the γ B2g Raman vertex is zero by symmetry for k x = 0 or k y = 0, hence smears the maximum gap in B 2g symmetry for the d x2−y2 case. Our observation of i) a well defined peak in B 2g symmetry, together with a depleted intensity in the low frequency region, and ii) no maximum (or a very smeared one) in the B 1g symmetry, together with a sizeable low frequency scattering,(all this being at odds with the d x2−y2 case), strongly suggests that the gap is maximum at 45 o and minimum along k x and k y . In a d-wave framework, this means a d xy gap (note that, as is well known, the Raman cannot tell whether the gap changes sign or not). However our experiment shows in A 1g a smaller low frequency scattering and a stronger peak than the d xy theoretical result, with ∆(θ) = ∆ 0 sin 2θ. This suggests a gap opening faster than in standard d-wave, This is confirmed by computing the spectra for the 3 symmetries, in the model ∆(θ) = ∆ 0 µθ ( 0 < θ < µ −1 ) and ∆(θ) = ∆ 0 ( µ −1 < θ < π/4
) introduced by Xu et al. [17] , taking γ A1g constant, γ B1g ∼ cos 2θ , γ B2g ∼ sin 2θ and a circular Fermi surface. We find a satisfactory agreement with the experimental data for µ = 3 (Fig.4) . In order to remove the singularities, a smearing function with width proportional to frequency [18] has been incorporated in the calculation. We do not deal here with the finite electronic scattering in the normal state, which should be also accounted for, but this is beyond the scope of this letter. This scattering is clearly responsible for the high frequency discrepancy, most conspicuous in B 1g , between our calculation and the experiment. We have also done the calculation for the simplest s-wave anisotropic gap ∆(θ) = ∆ 0 + ∆ 1 sin 2θ, not finding a satisfactory agreement because no threshold corresponding to the minimum gap is seen in our data. Finally we cannot exclude a small shift of the nodes of the gap with respect to their ideal position. Our analysis has also not taken into account possible multiband effects [19] .
In conclusion, we have presented pure electronic Raman spectra of Hg-1212 single crys- 
